Introduction 24
Reintroduction of endangered fauna is a strategy that has been used widely in Australia, 25 particularly in Western Australia, to improve the conservation status of species and to better 26 understand the impact of various threatening processes on species. Most successful 27 reintroductions of threatened mammals in recent decades have been to sites where introduced 28 predators have been either controlled or eliminated (e.g. Friend 
and Thomas 1994; Short and 29
The red-tailed phascogale is a small, semi-arboreal dasyurid marsupial listed as 'Endangered' 40 under the Commonwealth Environment Protection and Biodiversity Conservation Act 1999. 41 Its range formerly covered much of semi-arid and arid Australia but it now persists only in 42 the southern Western Australian wheatbelt occupying less than 1% of its former range (Short 43 and Hide 2012), with the core of this remaining range lying between Brookton and Katanning 44 (Fig. 1) . Aspects of its ecology and habitat preferences in the Western Australian wheatbelt 45 have been detailed by Kitchener (1981) , Bradley (1997) and Short et al. (2011) . Factors 46 linked to its decline include fragmentation of habitat by clearing for agriculture, particularly 47 of woodland habitats rich in suitable nesting hollows, and predation by feral and domestic 48 cats and by foxes (Short and Hide 2012) . Wadderin Sanctuary is in an area of the wheatbelt 49 beyond the contemporary range of the species and where extensive past land clearing has 50 resulted in fragmentation of remaining habitat. 51
The species' life history is characterised by a short, synchronized annual mating period in 52 winter followed by the death of all males (Bradley 1997) . This reproductive strategy is 53 believed to put the species at risk of reproductive failure in any given year -a possibility 54 believed more likely in arid and semi-arid sites where populations may be sparse or climate 55 unpredictable (Kitchener 1981 , Foster et al. 2006 . 56
There were no reintroductions of the red-tailed phascogale listed in a recent review of 57 vertebrate translocations within Australia (Short 2009 respect to species, diameter at breast height (DBH), alive or dead, and whether they had 111 visible hollows. While ground-based assessments of hollows typically overestimate the 112 availability of suitable hollows for a particular species (Whitford 2002) , this approach was 113 useful in providing a broad indication of habitat suitability. 114
Additional surveys to monitor and control exotic predators commenced just prior to the 115 completion of the barrier fence in early 2008. Spotlight surveys were conducted by an 116 observer standing on the back of a 4x4 utility vehicle using a 100W spotlight. Surveys 117 typically took in the entire road network and boundary track of the sanctuary (about 20 km) 118 and were run for several hours from last light. 119
Sourcing animals for translocation 120
Phascogales for translocation were derived from sites between Wagin and Narrogin ( Fig. 1)  121 where the species had been caught in recent prior surveys (Short and Hide 2012) . Five trap 122 lines of 25 traps were set at each location in the late afternoon and checked early the 123 following morning. Traps were baited with peanut butter, rolled oats and sardines. Captured 124 phascogale were weighed, measured and individually marked using ear notches. Animals 125 were released as three pairs and a single male across four locations spread along a two km 137 north-south axis of the sanctuary. 138
Monitoring following release 139
Initial monitoring of translocated phascogales was by radio-telemetry and by trapping with 140
Elliott traps. Radio-collars were single-stage transmitters (LTM 379) with mortality sensor 141 fitted to a cable tie (sourced from Titley Electronics, Ballina, NSW). Each collar weighed 1.3 142 g and had a nominal battery life of 23 days, although most failed within 6-12 days. 143
Transmitters failed within 6-12 days. All collars were successfully removed at the end of 144 their battery life or shed by the phascogale. Animals were located during the day by tracking 145 them to nest sites using a receiver connected to a three-element yagi antennae. Phascogales 146 were located at night by walking in to a signal until the animal was detected in the beam of a 147 head-torch. All collars were successfully removed at the end of their battery life or were shed 148 by the phascogale. bush Allocasuarina campestris associated with mallee/shrubland habitat were considered 187 potential areas for foraging. These were predominantly in the south-west and north-west of 188 the reserve.
g (n = 12). 194
The remainder were transferred from Curtin University in early June 2010, after previously 195 being wild-caught. They had higher average body weights at transfer (males: 53.7 ± 1.5 g (n 196
the following night to the north-east boundary. After these initial movements, both settled 201 to the south-east in a nest box in rock sheoak adjoining the golf course in January; and to the 221 south-west in shrubland contiguous with the sanctuary in September. 222
Minimum convex polygons for translocated phascogales with more than five locations from 223 either trapping or a combination of trapping and radio-telemetry (11 of the 20) gave a mean 224 home range area of 13.8 ha for males and 6.7 ha for females (100% minimum convex 225 polygon). Range sizes were considerably smaller for 80% minimum convex polygon: 2.6 ha 226 for males and 2.1 ha for females (Table 2) . Outlying locations omitted in calculation of 80% 227 minimum convex polygons were recorded in mid-June for three of the four males, suggesting 228 increased movements associated with the mating season. In contrast, release locations were 229 outliers for 4 of the 7 females. Ranges, as assessed by 80% polygons, were variable in both Past attempts to reintroduce phascogales (both P. tapoatafa and P. calura) have reported 317
problems with large-scale movements of males following translocation (Soderquist 1994, 318 Young 2007). For example, in trial releases of P. calura in Alice Springs (see below), radio-319 collared males from two releases rapidly left the release site. One male moved > 500 m in the 320 first night before moving out of range. In another release, males moved > 2.5 km in the first 321 night and were not subsequently located. These large movements were attributed to 322 intrasexual aggression (Young 2007 ). Soderquist (1994) reported similar problems with 323 release of P. tapoatafa in Gippsland, particularly when males were released in the absence of 324 females. This was not a problem encountered at Wadderin, where all males remained close to 325 their release site and reintroduced females. Males moved over a mean range of 13.8 hectaresSimilarly, females at Wadderin remained close to their release locations. Their mean range 329 size was 6.7 ha (100% MCP) and mean range length was 604 m. This is similar to home 330 ranges estimated by Young (2007) . In that study, four female phascogales were radio-tracked 331 for 5-13 nights in autumn 2007. Mean home range size was 6.0 ha based on 100% MCP. 332
Average range length was 417 m. As at Wadderin, there was substantial overlap in the ranges 333 of females. This contrasts with the largely exclusive home ranges for females reported for P. 334 tapoatafa (Traill and Coates 1993, Soderquist 1995) and presumably allows P. calura to exist 335 at higher densities: an advantage in remaining small and isolated remnants in the Western 336 Australian wheatbelt. 337
Phascogales at Wadderin bred within months of translocation with females producing a mean 338 of 7.0 young. This is similar to the value of 7.5 young reported by Bradley (1997) at Wadderin and nearby bushland will be important both to the long-term persistence of the 360 population and to our knowledge of the long-term fate of this population. 361
Translocations compared 362
There have been two other attempts to translocate Phascogale calura: one to a reserve on the 363 southern margin of its current range near Kojonup in Western Australia and the other to 364 central Australia within the species known historical range but 2,000 km to the north-east of 365 its current range (Fig. 1) . Table 4 The small area protected from cat and fox predation at Alice Springs and the proximity to a 464 large town with a reported abundant feral cat population may have been a contributing factor 465 in the failure of this reintroduction. P. calura are regularly brought in by domestic cats (Short 466 and Hide 2012), suggesting that feral cats may have a substantial impact where they co-occur. 467
Similarly, P. tapoatafa are known to be predated by both cats and foxes (Soderquist 1994) . 468
The vulnerability of released phascogales may have been exacerbated by their captive origin. 469
The high reproductive output and semi-arboreality of phascogales provide some protection 470 from predation by cats and foxes, but the species may still be vulnerable in the early stages of 471 a reintroduction, particularly in more arid habitats lacking a dense mid-storey canopy in close 472 juxtaposition to abundant secure hollows. 473
The presence of arboreal monitors such as Varanus tristis and pythons such as Morelia bredli 474 not present at the other sites may also have been a contributing factor in the failure of 475 610 Table 1 . Source of red-tailed phascogale translocated to Wadderin Sanctuary. Locations are given in Fig. 1(# 4 -7 
